Background: some cohort studies of ageing and health supplement questionnaire-based surveys with in-home measurements of biological parameters and others have required respondents to attend assessment centres. Centre-based assessments facilitate detailed measurements and novel technologies, but may differentially influence participation. The aim of this paper is to compare the characteristics of participants who attended a centre with those who chose a home assessment and those who did not have a health assessment. Methods: trained field workers administered a computer-assisted personal interview (CAPI) to a random sample of community-dwelling people aged 50 and over in the participants' homes. All questionnaire respondents were invited to attend an assessment centre for a comprehensive physical assessment. Participants who refused or were unable to attend a centre were offered a home assessment. Results: of the 291 participants who completed the CAPI, 176 had a health assessment: 138 in an assessment centre and 38 in their own home. The centre, home and no visit respondents differed in demographic characteristics, behavioural factors, physical functioning and health. Lower socio-economic status, physical inactivity and current smoking were the most robust predictors of non-participation in the health assessment. Home respondents had the highest levels of physical disability and were much weaker (grip strength) and slower (walking speed) than centre respondents. Conclusion: home and centre physical assessments are required to avoid systematically over-representing healthier and wealthier respondents.
Introduction
In order to describe fully the health and well-being of older people, both questionnaire and biological measurements are required [1, 2] . A number of ongoing nationally representative cohort studies of older people, which were originally developed based on the collection of questionnaire data by personal interviews, have supplemented their data collection
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Comparison of centre and home-based health assessments with measurements of biological parameters [3] [4] [5] . These studies have tended to focus on a limited number of important biological variables such as blood pressure, grip strength, balance assessment and blood sampling that can be undertaken easily at home. Other studies with homebased assessments have included more comprehensive assessments [6] but have generally included smaller numbers of participants or have not used nationally representative samples. An alternative to in-home assessments has been to require respondents to attend dedicated assessment centres for detailed physical assessments [7, 8] . The use of assessment centres facilitates the inclusion of novel technologies and is cost-and time-efficient [9] but may introduce selection bias among participants [10] .
In common with other countries worldwide, Ireland is currently facing a changing demographic with increasing numbers of people surviving into old age [11] . The Irish Longitudinal Study on Ageing (TILDA) is a nationally representative prospective observational cohort study of the social, economic and health circumstances of older people living in Ireland [12] . The health component of TILDA has the dual task of describing the current health and wellbeing of the older population and of investigating innovative health measurements using novel technologies. The comprehensive nature of the physical assessment combined with the complexity and size of some of the procedures resulted in a preference for a centre-based assessment for TILDA and this approach was tested in the first TILDA pilot study. However, there were concerns that individuals who chose to attend an assessment centre would differ systematically from those who refused or were unable to attend. For the second pilot, a core set of measurements that could be undertaken at home was identified and a home assessment was offered to those respondents who were unable or unwilling to attend an assessment centre. In the absence of the option of a home visit, these participants would have been considered non-responders. We hypothesized that the type of visit in the TILDA pilot would be related to key demographic, lifestyle, health and physical functioning characteristics of the study population.
Methods

Study design and sample selection
The Irish Longitudinal Study on Ageing (TILDA) is a population-based longitudinal study of ageing. The second pilot for TILDA was a nationally representative crosssectional survey of people aged 50 and over and comprised an in-home questionnaire and a comprehensive physical health assessment [12] . The pilot sample was selected using the updated RANSAM sampling system which was developed by and is maintained by the Economic and Social Research Institute and has been used in a number of studies in Ireland [13] [14] [15] [16] . The sampling frame was the Irish Geodirectory, a comprehensive and up-to-date listing and mapping of all residential addresses in the Republic of Ireland [17] . Addresses were selected by means of a threestage process: (i) selection of 20 first-stage units using proportionate stratification by socio-economic status, age structure and geographical location; (ii) selection of a systematic random sample of fixed size (60 addresses) within each cluster; (iii) selection of a random 'primary respondent' within each address on the basis of a 'next birthday' rule by the fieldworker. Each address in the country had an equal probability of selection. The sampling procedure generated 1200 addresses (60 addresses in each of the 20 clusters). A total of 720 addresses were found to be ineligible (of which 535 did not contain a person aged 50 or over) giving 480 valid addresses. Each of these 480 addresses was visited by a fieldworker and one household member aged 50 or over was selected as primary respondent for the survey. The primary respondent's spouse (of any age) was also selected for interview.
Study procedures
Questionnaire
Structured interviews were undertaken in the respondents' homes by trained professional social interviewers using computer-aided personal interviewing (CAPI). The questionnaire collected information on the health and well-being of participants, including demographics, socioeconomic status, medical history, personal health behaviours, physical functioning and medication use.
Physical health assessment
All participants who completed the CAPI were invited to attend one of two dedicated assessment centres for a health assessment. Interviewers provided participants with a description of the measures undertaken in the centre. Participants who refused or were unable to attend a centre were offered a home assessment and were informed that the home assessment was a subset of the centre measurements with less technology. Respondents who refused a physical health assessment were asked to indicate a reason from a list provided to them. The health assessments were undertaken in one of two dedicated centres in Cork or Dublin or in the respondents' homes. Costs of attending the centres were reimbursed to participants. All assessments were undertaken by trained study nurses. A core set of measurements that could be measured identically in the centres and homes was identified. The physical measurements included height and weight, blood pressure, walking speed and grip strength. Global cognitive function was assessed by the mini-mental status examination (MMSE) [18] and the Montreal Cognitive Assessment (MOCA) [19] . Blood samples were collected by venepuncture and samples were analysed for lipid profile by a commercial laboratory.
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Statistical analysis
Standard descriptive statistics were used to describe the characteristics of subjects at baseline. For all comparisons, study participants have been classified according to type of physical health assessment: centre, home or none. The linear distance in kilometres from each address to the Dublin and Cork health centres was calculated using references from the Irish Grid map. The shorter distance from the home to a centre was used in analyses comparing average distances. Characteristics of respondents were compared across visit type using analysis of variance for continuous measures and chi-square tests for categorical variables. Multinomial logistic regression was used to compare CAPI participants across visit type (centre, home or none), with the centre visit as the reference group. The dependent variable was the type of health assessment (none/home/centre). For the purposes of the multinomial logistic regression analyses, health insurance ( private versus no private insurance), marital status (married vs. not), employment status (currently employed versus not), education (third level versus less), self-rated health (excellent, very good or good versus fair or poor), depression (CES-D score ≥16) and age (<62 versus ≥62) were included as binary categorical variables. Variables that were significant at P < 0.05 in univariate analyses were included in the multivariate model. All statistical analyses were performed using the SAS software version 9.1.
Ethics
Ethical approval for the study was obtained from the Trinity College Research Ethics committee. All participants provided written informed consent prior to participating in the study.
Results
In total, 291 CAPIs were completed in 216 households (of 480 eligible households: household response rate 45%). Of these 291 CAPI respondents, 162 agreed to attend a centre, 44 were undecided and chose to discuss the assessment further with the study nurse and 85 refused a centre assessment and were offered a home assessment (Supplementary data are available in Age and Ageing online). Owing to time restrictions, not all participants who agreed to a health assessment had one completed prior to the end of the pilot study and the proportions affected were similar among clinic and home respondents [36 (21%) centre versus 9 (19%) home; P = 0.5]. Overall 176 respondents (response rate: 60%) underwent a health assessment (138 centre and 38 home). Although participants who refused an assessment lived on average 24 km further from an assessment centre than respondents (160 versus 136 km; P = 0.01), there was no difference in the average distance for centre compared with home respondents (133 versus 148 km; P = 0.2). Reasons for refusing a physical health assessment are summarized in Supplementary data available in Age and Ageing online. The two leading reasons were the perception that their doctor already had the information or that they had enough of medical tests. While 'mobility problems' was a frequently cited reason for refusing a centre assessment, it was not a reason for refusing a home assessment.
The demographic, physical, psychological and behavioural health characteristics of respondents were compared by type of visit (Table 1) . Respondents opting for a home visit were older, had lower levels of educational attainment, were less likely to have private health insurance and were more likely to be widowed than centre or no visit respondents. The no-visit respondents were similar in age to the centre respondents, but were less likely to have private health insurance and were more likely to be widowed. There was a clear gradient in self-rated health with the centre respondents self-reporting higher levels of general health and the no-visit respondents intermediate between the centre and the home respondents. The no-visit respondents had levels of physical disability and mobility problems that were similar to the centre respondents, but had the highest levels of current smoking and were much more likely to be physically inactive than the centre respondents. Objective physical and cognitive measurements which were undertaken as part of the physical assessment were available only for the centre and home respondents and are summarized in Table 2 . The home respondents had higher levels of global cognitive impairment, walked more slowly and had lower grip strength. Table 3 reports the findings of the multivariate model. Higher education level and having private health insurance were associated with an increased likelihood of attending a centre than having a home visit or no visit when adjusted for the other factors in the multivariate model. In comparison with those who had no visit, centre attendees were less likely to be current smokers and were more likely to be physically active and to be married.
Discussion
This study reports on the large differences between participants who agreed or refused to have a health assessment. Among those who agreed, it contrasts those who chose to be assessed in their own homes with those who agreed to attend a health assessment centre. A clear pattern of respondent health and well-being by type of assessment emerged, with centre respondents being younger, fitter (more physically active) and faster (timed up and go) than those who were assessed at home. They performed better in cognitive tasks and had lower levels of mood disturbance. Many of the variables reported in the univariate analyses are likely to be highly correlated and the relative importance of these is assessed in the multivariate analyses.
The most robust predictors of participation in a health assessment were indicators of social position such as education level and having private health insurance as well as lifestyle behavioural factors of smoking and physical activity.
In general, data on non-responders are not easily accessible and may depend on the availability of routine demographic data [20] . The comprehensive nature of the social interview in TILDA with questions on social and economic circumstances, lifestyle factors and physical and emotional well-being provided an opportunity to compare the characteristics of those who refused a physical assessment and those who attended an assessment centre or had an in-home visit. The participants who chose to be assessed in their homes would have been considered nonrespondents if the home option was not available. The findings of this study indicate that the home respondents differed markedly not only from the centre attendees but also from the no-visit respondents with whom they would otherwise have been considered. However, as the response rate to the TILDA pilot was only 45%, the questionnaire respondents themselves are already a selfselected sample of the Irish population. Comparing the TILDA respondents with the census population, there is clear evidence of selection bias with TILDA respondents having much higher levels of education than the overall Irish population. Among the pilot participants, education level was a significant predictor of participation in the health assessment as those with higher levels of education were about twice as likely to attend a centre. The large differences reported between centre, home and no-visit respondents may be an underestimate of the underlying differences in a less selected sample of the Irish population. The under-representation of elderly people in clinical trials has been clearly demonstrated [21, 22] , and the same factors that determine participation in trials are likely to impact on the type of person who agrees to participate in observational research. Age and cognitive impairment have been shown to be the two main predictors of attrition in cohort studies of older people [23] . Less information is available about factors that determine attrition early on in cohort studies [24] . The pilot study for the Newcastle 85+ study found that over half of participants would have been unwilling to attend a hospital for assessment [6] . Extended recruitment efforts might be expected to improve participation but inevitably add to the cost and complexity of the study design [25] . Ongoing large longitudinal studies have tended to utilize either a homebased or centre-based assessment at the baseline visit (Supplementary data are available in Age and Ageing online), and as a consequence, there is very limited published experience on the comparability of home-and centre-based populations.
In a review of factors that influence the recruitment and retention of older adults in ageing research, a number of key goals were identified: achieve a representative sample; promote participation; consider feasibility and retain participants in the study [21] . Strategies identified to increase participation included the use of home assessments, as travelling to a study site is recognized as a barrier to participation in research [22] . However, as the inclusion of such visits may increase the cost and complexity of the study, the magnitude of the bias introduced by centre only assessments must be balanced against the additional cost involved in providing home assessments.
Our findings demonstrate the large differences between respondents who are willing and able to attend an assessment centre and those who require a home assessment and indicate the importance of including both approaches to avoid systematically over-representing younger healthier respondents. To date, large nationally representative cohort studies of ageing, such as the Health and Retirement Survey in the US (HRS) and the English Longitudinal Study of Aging (ELSA) and the Survey of Health and Retirement in Europe (SHARE), have tended to incorporate physical measurements into the home visit. Although this may optimize participation, it limits the scope and complexity of the measures that can be undertaken. The inclusion of a home-based option for the physical assessment component of TILDA will maximize the participation of older frailer participants, in particular those with mobility problems who are unable to attend an assessment centre, while allowing the incorporation of more novel assessments at the centre locations. However, it is clear that the 'no-visit' respondents, who chose not to participate in the health assessment, also comprise a distinct subset of participants and additional efforts must be undertaken to ensure that a higher proportion participate in the health assessment during the main wave of TILDA.
Key points
• Centre assessments facilitate more detailed physical assessments.
• Centre, home and no-visit respondents differed in demographic characteristics, behavioural factors, physical function and health.
• Centre and home assessments are required to avoid under-representing older frailer respondents.
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